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OBJECTIVE

Our objective was to develop a portable software tool that automatically generates the Ada source
code to define bit-oriented messages. This tool can help reduce development co-ts for command and
control systems and other Ada software that process bit-oriented messages.

RESULTS

We designed, coded, and demonstrated the Bit-Oriented Message Definer (BMD) tool. The tool
compiles and executes in the Vax Ada, Sun Telesoft, and Sun Alsys environments and generates message
definitions for five target environments. A prelin:inary version was used to generate approximately 7000
Ada source lines of code for the Ada Bit-Oriented Message Handler (ABOM) Project.

RECOMMENDATIONS

1. Programmers who are developing Ada software that process bit-oriented messages should try using
the BMD. BMD can reduce development time.

2. Ada compiler validation testing needs to be more comprehensive. Validation testing currently
does not test representation specifications but needs to. During testing of the BMD, problems were found
with the representation specifications for two validated compilers.

3. Automatic code generation can be used effectively for Ada applications. The automatic code is
most appropriate when the source code is repetitious and writing it manually is labor intensive.

4. Even when writing small programs a design methodology should be used. Small programs fre-
quently expand. A good design facilitates changes, maintenance, and reuse.
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INTRODUCTION Corporation (SAIC) under the direction of

NOSC, Code 411. ABOM software processed
The Bit-Oriented Message Definer (BMD) is hundreds of bit-oriented messages. These

a portable interactive software tool for automati- included link-11, link-4a, link-16, as well as,

cally generating Ada source code that defines bit- Combat Direction System (CDS) messages. Writ-
oriented messages. The BMD can help reduce the ing the message definitions in Ada by hand was
development costs for Ada software that processes labor intensive, repetitious, and tedious. Errors
bit-oriented messages. Appropriate applications were easily made. We determined the message
include command and control systems, such as, definition process could be rapidly and accurately

the Command and Control Processor (C2P) done by automating it. Preliminary BMD work

Shadow Project, which is being directed by Naval began during the development of ABOM soft-
Ocean Systems Center (NOSC) and the Ship ware.
Gridlock Project, which is being conducted at the The approach taken to develop BMD was to
Naval Surface Warfare Center (NSWC), collect the definitions oi bit-oriented messages
Dahlgren, VA. from actual Ada projects. These projects were

The BMD executes on the Vax Ada, Sun 1. AN/WSN-5 Inertial Navigation System
Telesoft Ada, and Sun Alsys compilers and gener- (INS) developed by the Software Engi-
ates source code that will execute in at least five neering Institute (SEL)
different target environments.

The BMD automatically generates the Ada 2. Command and Control Processor (C2P)

source code that a programmer would otherwise Shadow developed by the Hughes Aircraft

need to manually generate. This manual process is Corporation and Syscon Corporation for

time consuming and requires specific knowledge NOSC, Code 411

of the target computer and compiler. Information 3. Ada Bit-Oriented Message Handler
the programmer would have to know includes how (ABOM) software developed by SAIC for
bits are numbered, how they are ordered, the size NOSC, Code 411
of type integer, as well as other details. The BMD
user does not need to know these differences. The The BMD was developed to be general pur-
source code for the message definitions is gener- pose, allowing messages to be defined in different
ated automatically for the target environment the ways. The BMD provides the capability for defin-
user selects. The BMD user simply defines the ing messages required for these projects and other
messages by looking at pictures of message layouts applications.
in software specification documents and then by
responding to interactive program prompts. The KEY FEATURES
user needs only a minimal knowledge of Ada.

BACKGROUND HOST ENVIRONMENTS
Vax Ada

The BMD tool was developed as an Inde-
pendent Exploratory Development project at Sun Telesoft
NOSC. A need for this tool was identified during Sun Alsys
the development of software for the Ada Bit-
Oriented Message Handler (ABOM) project, car- BMD is a very portable tool. BMD will
ied out by Science Applications International compile and execute in these environments.



TARGET ENVIRONMENTS g. Writes descriptive header to package
specification

Vax Ada

Sun TelesofL Ada The header gives the user name, output
file name, name of target environment,

AN-UYK/43 AdaL the date and time the package specifica-

AN-UYK/44 AdaM tion was created and other relevant infor-
mation.

Sun Alsys Ada

CHARACTERISTICS OF THE BMD CHARACTERISTICS OF SOURCE
CODE GENERATED

a. Provides capability for defining different
size messages whose fields vary in length a. Defines messages as records

b. Allows discriminated records to be Record representation clauses are auto-

defined matically generated to specify the order,
position, and size of message fields.

This feature is useful .when messages have
many common fields. b. Defines message fields to be integer types

c. Allows multiple messages to be defined in Message fieids are defined to be integer

one package types of the appropriate size for the field
widths. The integer type statements and

d. Provides capability for assigning default length clauses are generated automati-

values to fields cally.

Default values can be assigned in base 2 c. Aligns records on word boundaries

through 16 using Ada-like notation.

TOOL LIMITS
e. Allows use of field types defined in g'obal

or definitions packages. a. Maximum number of messages allowed in
a package specification: 200

f. Does extensive error checking
b. Maximum number of bits in a message

Error checking includes (1) examining word: 64

the validity of file names, (2) checking
fiel nams, ackae naesand ypec. Maximum number of bits in a message:field names, package names, and type 1,0

names to determine if they are valid Ada 10,000
identifiers, (3) checking field position to d. Maximum field size: 32 bits
ensure previously defined fields are not
overlaid, and (4) determining if the size e. Maximum identifier length: 80 characters
of a default integer is too large for the
field size. Error messages are displayed to Note: These limits are declared in pack-

allow the user to make corrections. age Spec_Gen_.ada
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EXAMPLES BMD to begin execution. Hans then entered his

name and selected Vax_ Ada as the target envi-

The use of BMD will be illustrated with two ronment. He indicated the output file name was

examples. The first example is the definition of INSFile, that the number of bits in a message

two INS messages. The second illustrates the use word is 16, the package specification created will

of a discriminated record to define three dummy be named INSSpec, the message group name

track messages. was INS, the message objects will be defined, and
the TimeandStatus and Attitude message will be

INS MESSAGES EXAMPLE created. The fields in the message were defined

Bits
In this example, the Time and Status Message

and Attitude Message are defined first for a Vax
Ada target environment and then for a Sun Alsys 112 8 4 0

target environment. This example illustrates the MESSAGETYPE- 002 0
difference in the source code generated for these of OFWORDS- 011 8

targets.
OWNSHIP HEADING 2

Figure 1 shows the message layout for the
Time and Status Message while figure 2 depicts OWNSHIPPITCH Words
the layout for the Attitude Message. These are OWNSHIPROLL 4
actual message formats taken from the interface OWNSHIPHEADIG R

design specification document for the INS (NAV-
SEA, 1982). OWNSHIP PITCH RATE 6

OWNSI-IIP ROlL RATE
Figure 3 shows the BMD prompts and user ________ROLLRATE

inputs to generate these message definitions for a
Vax Ada target environment. All user inputs are Figure 2. Attitude message for the
shown in italics. The user, Hans, entered run AN/WSN-5 inertial navigation set.

Bits Bits

15 1  1112 1  1  18 1 1 14 1  1  1  10 151 1 1121 1 118 1 1 141 10

MESSAGE TYPE - 003 0 -GM 8

0 NUMBER OFWORoS - 0 8 GMT

+H B&UID STATUS * 0 0 2 LAST COMPONENT OWNSHIP VELOCFTY 1 0

0 1GLSTAT 0 GRSTAT NORTH COMONN OWSPVELocfly

0 GMT 4 VERiCAL COMPONENTOWNSHIP VELOCITY 1 2

GMT Words OWNSHIP SPEED Words
TESTWORDONE- 10olo1110o1O1o 2 6 TEST WORDONE - 1iiii01ioo 2 1 4

TESTWORDONE- o0oioio10010io 2 TESTWORDONE - 1oiolo10ioio22__________________________ 2

TESTWORDTWO- 01O0110IO10lOlO 2 8 TESTWORDONE - 0101010101010101 2 16

TESTWORDTWO. cOlO1O1OOlOiO 2 TESTWORDONE - o0101O1OlO01O11
2__________________________ 2

Figure 1. Time and status message for Figure 2. (Contirnued) Attitude message for
the AN/WSN-5 inertial navigation set. the AN/WSN-5 inertial navigation set.
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run o
Inter user name >Alan&
inter target environment
(Y"IDA, Ankl ADA M, SUM TEL, SUN ALSYS) >vaz ads
Inter name of file that Zill contain specs >12(5_7i1e.
Inter number of bits in a message word >16
Inter name of Package specification to create >12(5 Spec
Inter nam of wssage group >12(5
Create message objects (Y or N)? >y
Inter message names in mag group. Inter I; I for last mug.

1 >TI1as and Status
2 >Attfi-ude
3 >;

You are now ready to enter fields for all message&.
Inter ';' for last field.

Is Message Time -and Status going to use discriminated records
(Y or N)? >n
Inter rIZLDNRMZ [PA.CKAQZ MA=E.TYPZ NAMX] CDEFAULT VM..UXI for
message Tim. and Status
Time and Status 1 >Message Type 910031
Inter start word number a start bit position of field (ww,bb) >0,8
Inter end word number G end bit position of field (ww, bb) >0,15
Time and Status 2 >numrber ofWords 810051
Xnte-r stlrt word number & start bit position of field (vw,bb) >1,1
Inter end word number a and bit position of field (vw,bb) >1,14
Tim and Status 3 >Zero Elt1 0
inter start word number & start bit position of field (wv, bb) >2, 0
Inter end word ni br G end bit position of field (ww,bb) >2, 0
Tim and Status 4 >102'
Inter start word number G start bit position of field (vw, bb) >2,1
Inter end word number a end bit position of field (ww, bb) >2,1
Tim and Status 5 >K(5
Inter start word number 9 start bit position of field (ww,bb) >2,2
Inter end word niumber a end bit position of field (WV, bb) >2,2
Tim and status 6 >Status 0
inter start word numnber G start bit position of field (w,bb) >2,3
Inter end word number Gaend bit position of field (vw,bb) >2,9
Tim and status 7 >JMZ ID
inter start word number a start bit position of field (ww,bb) >2,10
Inter end word numbr &aend bit position of field (WV, bb) >2,12
Tim and Status 8 >CL
inter start wo~rd number & start bit position of field (ww,bb) >2,13
Inter end word number & end bit position of field (ww, bb) >2,12
Tim andStatus 9 >DSA
inter start word number A start bit position of field (vw,bb) >2,14
Inter end word number & end bit position of field (w,bb) >2,14
Tim and Status 10 >DST
Inte~r start word number & start bit position of field (vv,bb) >2,15
Inter end word number A end bit position of field (wv,bb) >2,15
Tim and status 11 >GP.5?Ar
inter start word number a start bit position of field (vW, bb) >3, 0
Inter end word number 9 end bit position of field (w,bb) >3,4
Tim and status 12 >Zero Wrdl 0
inter start word number & start 'Sit position of field (wV, bb) >3, 5
Inter end word numbr & end bit position of field (w,bb) >3, 7
TIm-and Status 13 >CLSTAr

Figure 3. Prompts and user input for time and status and attitude message
for Vax Ada target.
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later start word number a start bit position of field (ww,bb) >3,8
Inter end word niumber a end bit position of fiel!d (vw, bb) >3,12
Time and status 14 >Zerv fford2 0
Inter mitzt word niumber a start Sit position of field (w, bb) >3, 13
Rater end word number a end bit position of field (ww,bb) >3,.15
Time andStatus 15 >WI
later mtart word number & start bit position of field (vw,bb) >4, 0
later end word number G end bit position of field (ww,bb) >4,10
Time and Status 16 >Zero WordS 0
Kate: stact word numiber a start 'Sit position of field (uw, bb) >4,11
R ater end word nimber &aend bit position of field (WV, bb) >4,15
Tim and status 17 >WJf2
Xater start word numnber & start bit position of field (wV, bb) >5,0
Rater end word number a end bit position of field (vw, bb) >5,15
Time and status 13 >Teat Wordla 2#1010101010101 0105
late7 stlat word n~umber a start Sit position of field (wv, bb) >6,0
Kate: end word number & end bit position of field (vW, bb) >6,15
Time and Status 19 >Test Wordlb 211010101 01 01010101
later start word number a start 'St position of field (wV, bb) > 7, 0
Kate: end word niumber a end bit position of field (vW, bb) >7,15
Tiime and Status 20>7*at Nordla 2501 01010101010101 5
later start word number G start bit position of field (ww,bb) >8,0
later end word number a end bit position of field (ww,bb) >8,15
Time and Status 21 >Toot Vord2b 250101010101010101 5
later stlart word niumber a start 'Sit position of field (vw, bb) >9, 0
later end word number & end bit position of field (wV,bb) >9,15
Time -and Status 22 >;

X& Message Attitude goi.ng to use discriminated records
(Y or 1)? >n
later rIELD-RAMX (PACEAr.RNAMR.TYPZ MNKN] LDRFAVLTVALU] ]for
massage Attitude
Attitude 1 >asaqe T:ype 550020
later start word niumber a start bit position of field (vW, bb) >0,8
Eater end word numiber & end bit position of field (wv, bb) >0,15
Attitude 2 >Nizmibe of Words 800110
Rater start word number a sart bit position of field (WV, bb) >1,1
later end word number a end bit position of field (w,bb) >1,14
Attitude 3 >Zero Bit1 0
later start word number 97start bit position of field (w,bb) >1,13
later end word number &aend bit position of field (W,bb) >1,13
Attitude 4 >Ownship..e8adlng
Inter st art word mxaer a start bit position of field (WV, bb) >2, 0
Inter end word number &aend bit position of fifild (wv, tb >2, 15
Attitude 5 >Ownship Pitch
later start word number a start bit position of field (WV, bb) >3, 0
later end word number a end bit position of field (w,bb) >3,15
Attitude 6 >Ovnship Rxojl
Inter start word number a start bit position of field (WV, bb) >4, 0
later end word number a end bit position of field (w,bb) >4,13
Attitude 7 >On hip eedinqRato
Rater start word number : start bit position of field (ww,bb) >5, 0
later end word number & end bit position of field (WV, bb) >5,15
Attitude I >Ovnship Pitch Rae

Figure 3. (Continued) Prompts and user input for time and status and attitude
message for Vax Ada target.



Inter start word number & start bit position of field (v, bb) >6, 0
Inter end word number a and bit position of field (w ~bb) >6,15
Attitude 9 >Ovnshlp Roll Rato
Enter start word number & start bit position of field (ww,bb) >7,0
Enter end word number a end bit position of field (ww,bb) >7,15
Attitude 10 >W1
Inter start word number a start bit position of field (-w.bb) >8,0
Enter end word number A end bit position of field (wv,bb) >8,10
Attitude 11 >Zero Vord1 0
Enter start word number & start bit position of field (ww,bb) >8,11
Enter end word number a end bit position of field (ww,bb) >8,15
Attitude 12 >GW2
Enter start word number a start bit position of field (w,bb) >9,0
Inter end word number a end bit position of field (ww,bb) >9,15
Attitude 13 >Zaat cmp Own _V.1
Enter start word number G start bit position of field (ww, bb) >10, 0
Enter end word number a end bit position of field (vv,bb) >10,15
Attitude 14 >NozthComp Own V.1
Enter start word number a start bit position of field (wv,bb) >11,0
Enter end word number &aend bit position of field (vw,bb) >11,15
Attitude 15 >vertcmp OWn Vel
Enter start word number a start bit position of field (ww, bb) >12,0
Enter end word number &aend bit position of field (ww,bb) >12,15
Attitude 16 >Ovnshlp Speed
Enter start word number a start bit position of field (ww,bb) >13, 0
Enter end word number &aend bit position of field (w,bb) >13,15
Attitude 17 >Testwordla 2#10101010101010101
Enter start word number & start bit position of field (vw, bb) >14,0
Enter end word number & end bit position of field (w,bb) >14,15
Attitude 13 >Tostvordlb 2110101010101010100
Enter start vzd number G start bit position of field (ww,bb) >15,0
Enter end word number a end bit position of field (wv,bb) >15,15
Attitude 19 >Tostvord2a 2101 010101010101011
Inter start word number & start bit position of field (wv,bb) >16, 0
Enter end word number & end bit position of field (vw, bb) >16,15
Attitude 20 >Toatvoz42b 2101 01 0101 010101011
Enter start word number & start bit position of field (ww, bb) >17, 0
E~n'ar end word number & end bit position of field (ww,bb)>17, 15
Attitude 21 >;
The package specification INSSpec includes the INS messages below.
Time anid Status
Attitude
The file you created is :XNS File.
Bit-Oriented Message Definer (DID) has completi.d.

Figure 3. (Continued) Prompts and user input for time and status and attitude message
for Vax Ada target.
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by giving them a field name, an optional type containing the user name, file name, target envi-
def'.ied in another package specification, and an ronment, message word size, and time created.
• ptional field value. If an optional Pack- Below the header are the type for integer types
age_NameTypeName is not given, then the field ranging from I bit up through the maximum size
will be of an integer type defined in package of the predefined type integer for the target envi-
INSSpec. Some fields, such as Message Type ronment, which is 2**31-1 for Vax Ada. The
and Number ofWords were given default values messages are defined as records. Record repre-
in Ada-like notation. Base values of 2 through 16 sentation clauses are used to specify the position
are valid. Each field position is specified by giving and size of message fields.
both the field start word, start bit position, andend word, end bit position. To complete the Time Figure 5 shows the Time and Status and Atti-

tude Message definitions for a Sun Alsys target
and Status message, Hans entered a ";" for

FIELDNAME. In the BMD a ";" is a delimiter environment. The user inputs to generate these
indicating there is no more data of the type being definitions were identical to those that generated
entered. Information was entered in similar fash- thVaAddeitonfgr3,xcpnwteenteed.Infrmaionwasenteed n smilr fsh- user specified that the target was the Sun Alsys.
ion for the Attitude message. The output file, usrpeiedtathtrgtwsheSnAssThe bit positions relative to the zero storage unitINS_File, was created and the BMD run com-pNSFlete ,w was enterd for FIEDA ruin the record representation clause in figure 5 are
for the Attitude nessage. - different than those for the Vax target shown in

figure 4. This difference occurred because the
Figure 4 depicts the Time and Status and Atti- Sun orders bits within a word from left to right

tude Message definitions for a Vax Ada target whereas the Vax orders bits within a word from
environment. Note the header information right to left.
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Ipackage INSSpec is

-- Usex Name: ans
-- FLe4 nam is: INS ]ril.
-- Target environment: VA1X ADA

NumEwber of bits in type integer for target environment: 32
NumThber of bits in message word: 16

-- Date package specification created: S/ 25/ 90
-- Time package specification created: 14: 22: 48
-- The following statements are for INS messages:

type Intoger~l is range 0.-1;
for latager01'size use 1;
type IntegerO2 is range 0. .2**2-1;
for IntegerOosze use 2;
type IntngerO3 is range 0. .2**3-1;
for IntegerO3' size use 3;
type Integero4 io range 0. .2**4-1;
for IntsgerO4'sizs, use 4;
type IntegrO5 is range 0. .2**5-1;
for Integer05'size use 5;
type IntagerOS is range 0. .2**6-1;
for Intogero6' size, use 6;
type Integero7 is range 0. .2**7-1;
for InteqerO7' size use 7;
type IntegerOB is range 0. .2**8-1;
for IntogerOG' size use 8;
type IntegerO9 in range 0. .2**9-1;
for IntogwrO9'siza use 9;
type IntegerlO is range 0. .2**10-1;
for Mg.-gor10' Size use 10;
type Intogerll is range 0. .2**11-1;
for Integerll'size use 11;
type Integerl2 is range 0. .2**12-1;
for Integerl2'size use 12:
type Integerl3 is range 0. .2**13-1;
for Integerl3'size use 13;
type Integerl4 is range 0. .2**14-1;
for Integerl4'size use 14;
type Integer15 is range 0. .2**15-1;
for Integerls'size use 15;
type Integerl6 is range 0. .2**16-1;
for IntegerlE'sizo UAq 16;

type Time andStatus Record TYPe is record
Message Type :IntegerOS:n 8#003#;
Number of Words :Into ger14 :-8#005#;
zero M7iti : Integerol :=0;
lOT :Intagerol;
NS :Integer~l;
Status :Intogero7:
DEL ID :Intower3 :0;
CAL7 : ntegerOl;
DSA :Integer~l;
DSP Integerol;
GSTAT IntegerOs;
Zero Wordl Integeo3 :- 0;
GLSTAlT :IntegerO5;

Figure 4. Time and status and attitude mnessage definitions for Vax Ada target.
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Test Wordla : ntegerlG 2#1010101010101010#;
Teat Wordlb :Integerl6 :-2#1010101010101010#;
Test Word2a :IntegerI6 :-2#0101010101010101#;
Test Uord2b :IntegarIS :w 2#0102010101010101t;

end record;
for Tims and Status Record Tyeuse record at mod 4;

*Message-Type at 0 range a . 15;
Number of Words at 0 range 17 .. 30;
ZeroBIti at 0 range 32 .. 32;
XOT at 0 range 33 .. 33;
NS at 0Orange 34 .34;
status at 0 range 35 .. 41;

= IDat O range 42. 44;
CAL at O range 45 .45;
DSA at 0 range 46 .. 46;
DST at O range 47..47;
CR.STAT at 0 range 48 .. 52;
Zero Wordi at 0 range 53 .. 55;
GLITAT at O range 56. 60;
Zero Word2 at 0 range 61 .. 63;
=ETi at 0 range 64 .. 74;
Zero Word.) at O range 75. 79;
GUT2 at 0 range SO0. 95;
Teat Wordla at 0 range 96 .. 111;
Test Wordlb at 0 range 112 .. 127;
Teat word2a at 0 range 1298. 143;
Test Word2b at 0 wange 144 .. 159;

end record;
Time and Status-Record Times-andStatus-Record Type;

type AttItude Record Type In record
message Type :IntegerOG : #002#;
Number of Words :Integerl4 9- #011#;
Zero Diti7 Integerol :-0;
Ownship HeasdiJng :Integerl6;
Ovnship Pitch : nteGqrl6;
Ownhip. olli Integerl6;
Ovnship HeadingRate Integerl6;
Ownship Pitch Rate :Intagerl6;
Ownship Roll Rate : ntegerlE;
OUT1 Integeril;
Zero Wordi IntegerOS : 0;
GUT2 IntegerIG;
zawt _Comp OWML Vol IntegerlE;
North _Comp Own Vol Integer1E;
Vert,-Cam Own Vol Integerl6;
Ownship Speed Integer1G;
Testwordla : ntegerI6 2#1010101010101010#;
Testwordib :IntegerlE 2#1010101010101010#;
Testword2a : ntegerl6 :-2#0101010101010101#;
Testvord2b :IntegeriG : 2#0101010101010101#;

end record;
for Attitude Record .Type use record at mod 4;

Message-Type at 0 range 9 .. 15;

Figure 4. (Continued) Time and status and attitude message definitions for
Vax Ada target.
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Number of Words at 0 rang. 17 30;
zero-Blti7 at 0Orange 31..31;
Oumabip Reading at 0 range 32 47;
Ownahip Pitch at 0 range 48 63;
Ovnship lkoll at 0 range 64 79;
Ownship Heading Rate at 0 range 80 95;
Ownabip Pitch Rate at 0 range 96 111;
OvnshipRollRate at 0 range 112 127;
QIT1 at 0 range 128 138;
Zero Wordi at 0 range 139 143;

GH2at 0 range 144 159;
Zate- T-Pen.Vel at 0 range 160 -175;

Not (.pOwn Val at 0 range 176 191;
Vet am Bn Vol at 0 range 192 207;

Ovnahip.Speed at 0 range 208 223;
Teatwordla at 0 range 224 239;
Testwordlb at 0 range 240 255;
Testword2a at 0 range 256 271;
Tomwtvord2b at 0 range 272 287;

end record;
Attitude :AttitudeRecord_-Type;

end INS-Spec;

Figure 4. (Continued) Time and status and attitude message definitions for
Vax Ada target.
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package INS pec in

-- User Nm: hans
F-ilie nam 1s: INS Sun.

-- Target environment: SUN ALSYS
-Number of bits in type integer for target environment: 16
-Number of bits In message word: 16
-- Date package specification created: S/ 27/ 90
-- Time package specification created: 11: 23: 12
-- The following statements are for INS message&:

type Integerol is range 0.A.;
for Integrol'size ise 1;
type Integer02 is range 0. .2**2-1;
for IntegerO2'size use 2;
type Integer03 is range 0. .2**3-1;
for XntoWe031szez use 3;
type Integero4 is range 0. .2**4-1;
for IntegerO4'size use 4;
type Integer05 is range 0. .2**5-1;
for Integeros size use 5;
type Integer06 is range 0. .2**6-2;
for Intagerog'size use 6;
type IntegerO7 is range 0. .2**7-1;
for Integero7'size use 7;
type IntegerOB In range 0. .2**8-1;
for IntagerOa'size use 8;
type Integero9 in range 0. .2**9-1;
for InteverOP size use 9;
type IntegerlO is range 0. .2**10-1;
for Integerlo size use 10;
type InteeIl is range 0.. 2**11-1;
for Intogerl size use 11;
type IntegerI2 is range 0. .2**12-1;
for Integerl2'size use 12;
type Integer13 is range 0. .2**13-1;
for Integerl3'sizo use 13;
type Integer14 is range 0. .2**14-1;
for Integerl4'uize use 14;
type IntegarlS is range 0. .2**13-1;
for IntegerlS'size use 15;
type Integarls is range 0. .2**16-1;
for Integerl6'size use 16;

type Time and Status Record Tyeis record
message-Typoe IntegeOl : #003#;
Number of Words : intego i W -14 0005#;
Zero iti- : IntegeOl :-0;
10! : Integerol;
NS : Integerol;
Status : Integero7 :-0;
ZMa ID : Integero3;
CAL7 : Integerol;
DSA :Integerol;
DST Integerol;
GRSTAT :IntegerOS;

Figure 5. '1 ime and status and attitude message definitions for Sun Alsys target.
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Zero Wordi IntegerO3 -0;

CL8il- IntegerOs;
Zero Word2 IntegerO3 :-0;
QiTi7 Integeril;
Zero Word3 IntegerOS 0;
GuT27 Integerl6;
Test Wordla. : nteerIS : 2#1010101010101010#~;
Teat Wordib :IntegerlE : 2#1010101010101010#;
Test7Word2a :Integerl6 :2#0101010101010101#;
Teat Word2b :IntegeriS : 2#0101010101010101#;

and record;
for Time andStatus Record Tyeuse record at mod 2:
Message Type at 0 range 0 . 7;
Number ofWords at 0 range 17 .. 30;
Zero BItI at 0Orange 47. 47;
lOT at 0 range 46 .. 46;
us at O range 45..45;
Status at 0Orange 38..44;

Im Dat O range 35..37;
CAL7 at 0 range 34 .. 34;
DSA at 0 range 33 .. 33;
DS7 at O range 32..32;
GRSTAT at O range 59. 63;
Zero Wordi at 0 range 56 .. 56;
GLSTAT at 0 range 51 .. 55;
Zero Word.2 at 0Orange 45..50;
QiTi at O range 69. 79;
ZeroWord3 at 0 range 64 .. 69;
GHT2 at 0 range SO0. 95;
Test-Wordla at 0 range 96 .. 111;
Teat Wordib at 0 range 112 .. 127;
Teat Word2a at 0 range 128 .. 143;
Test Word2b at 0 range 144 .. 159;

end reicord;
Tim and-Status Time-andStatus Record .Type;

type Attitude Record Type is record
Message-Type :InteerO9 8# 9002#;
Number ofWords :IntegerI4 8#9011#;
Zero Biti IntegarOl :-0;
OwnshIp ReadIng Integerl6;
Ownship Pitch :Integerld;
Ownship Rol: Integerl6;
Ownship eAd-ingqRate :Integerl6;
Ownship Pitch Rate :Integerl6;
Ownship Rkoll Rate :IntegeriC;
QIT1 Integeril;
Zero Wordi IntegerOS : 0;
aiT2 IntegerlE;
Xast _Comp OwnL Val Integerl6;
North _Comp Ovn, Vol Integerl6;
vert _CovmpOwx Vol Integeris;
Otmship peed Integeris;
Teat Wordla IntegerIc : 2#1010101010101010#;
Teat Wordlb Integerl6 :-2#1010201010101010#;

Figure 5. (Continued) Time and status and attitude message definitions for
Sun Alsys target.
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TextWord2a :Integerl6 a2#0101010101010101#;
TewtWord2b : ntegerl6 a2#0101010101010101#;

end record;
for Attitude Record_.Type us* record at mod 2;
message Type at 0 range 0 .. 7;
Number or Words at 0 range 17 .. 30;
Zero Biti at 0Orenge 16. 16;
Ownship Re&adlng at 0 range 32 .. 47;
Ownshp itch at O range 43. 63;
Ownhip Roli at 0 range 64 .. 79;
Ownship Heading Rate at 0 range 80. 95;
OvnshipPitchRate at 0 range 96 .. 111;
Ownablp Rtoll Rate at 0 range 112 127;
GHT1 at 0 range 133 .. 143;
Zero Wordi at 0 range 128 132;
raIT2 at 0 range 144 .. 159;
last _Com n Vol at 0 range 160 .. 175;
Nortb Comp ownkVol at 0 range 176 -. 191;
Vert, Campqvl Vol. at 0 range 192 .. 207;
Ownhip_Speed at 0 range 209 .. 223;
Test Wordla at 0 range 224 .. 239;
TeatWordib at 0 range 240 .. 255;
TewtWord2a at 0 range 256 .. 271;
Teatloxd2b at 0 range 272 287;

and record;
Attitude :AttitudeRecord .Type;

end INS-Spec;

Figure 5. (Continued) Time and status and attitude message definitions for
Sun Alsys target.
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DUMMY TRACK MESSAGES EXAM- Bit

PL E 0....1, 0...i i, 4 ...
MESSG 1rW NU1MFIV

Figures 6, 7, and 8 show the message layout X DISTANCE

for the Dummy Air Track Message, Dummy Sur- Y DISTANCE 2

face Track Message, and Dummy Subsurface Z DISTANCE

Track Message. These are fictitious messages cre- SOuC X xVELOCIT 4

ated for illustration purposes only. In these mes- T
(3NFRJ SI2P'Ih Z VELOT 6

sages the fields in each are identical down through GMT

CAL CONST. Beyond CAL CONST the fields are GT GT 8

different. This layout suggests that these messages DEPTH CALCONST
can be defined as one discriminated record. DOS T- H CIL S 10

TEST WORD

Bits Figure 8. Dummy subsurface track

102 message.
ESSAGETYPE - I 0

X DISTANCE

Y DISTANCE 2 Figure 9 shows the BMD prompts and user
Z DISTANCE inputs used to generate the dummy track message

[Sr test [ x Y 4definitions. Again, all user inputs are given in ital-
TNACK( VELOCITY Words ics. In this example the user, Sally, selected the

CCNFIRd STTENIT3-I Z VELOCITY 6
GMT UYK_43 as the target, indicates that message size

is 24 bits and that message objects will not be cre-
CAL GAT 8 ated. Sally's responses indicate the message name

TEST WORD 10 is Track and will be defined as a discriminated
record. She defined the discriminant as Msg. The
user has three choices when defining the dis-

Figure 6. Dummy air track message. criminant type. It can be (1) of type Boolean, (2)

of a type defined in another package specification
or (3) of a type defined by the user. When it is
defined by the user, the type definition will be

Bits declared in the package created. In figure 9, Sally
defined the discriminant type as Global-Data.

M E - I CoM 0 MessageType. Next, the fields, Numberof_
x DIS AlC Words through CalConst are defined to be corn-
Y DISTANCE 2 mon to all values of the discriminant. Then Sally
Z DISTANCE indicated the first value of the discriminant is Air,

_ IT X VELOCITY 4 and message fields for the discriminant value Air
TRACK MRAE Y VEOCITY Words are Altitude, FFA, and TestWordA. The same

cO*MT SDIGM-N Z vE.ocrty 6 process was followed for the discriminant values
GMT Surface and SubSurface. When Sally entered a

GMT 8 ";" to indicate there were no more values for the
TYPE CSS ICAL CONST discriminant, the BMD created the output file,

Po0 FF I I COMM CODE 10 trackfile., and the BMD terminated. The fields,
TESTWORD MessageType, FFA, TestWordA, FFS,

TestWordS, FFSS, and TestWordSS were de-Figure 7. Dummy surface track fined to~ beo- ye eindi akg

message. fie obe of types defined in package
Global-Data.
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run kind
Inter user name >&ally
Inter target environment (VkXIAk, DA _L, ADALM, SUN_.TEL, UNALSYS)
>Ad& Z
Enter name of file that will contain spae >track Zi10.
Enter number of bit& in a message word >24
Enter name of package specification to create >Track Message
Enter nano of message group >Track
Create message objects (Y or N)? >n
Enter message names in mag group. Inter 1;1 for last Meg.

1 >Track
2 >;

You are now ready to enter fields for all1 messages.
Inter 1;' for last field.

Is Message Track going to use discriminated records (Y or N)? >y
What ie the Discriminate' s name? >Nag

Enter type (Boolean I PackageName. Type Name I Type Name) of diecriminant
>Clob.1 Data .Jdssage 2Wop
Inter Atart word number and start bit position for field, Meg > 0,16
Inter end word number and end bit position for field, Meg > 0, 23
Does message Track contain field. common to all values of
discriminate (Y or N)? >y
Inter field Information for fields ommon to all values of Meg
Inter ';' to end definition of oon fields
Inter FIELD-NAUE [PACKAGENAMm TYP NAME] [DEYWVLT VALUE]
Track 1 >Nmuber of Words
Inter start word number a start bit position of field (vw, bb) >0,0
Enter end word number & end bit position of field (ww,bb) >0,11
Track 4 >X Distance
Enter start word number &;tart bit position of field (ww,bb) >1,0
Enter end word number a end bit position of field (vw,bb) >1,23
Track 5 >r'_Distance
Inter start word number &;start bit position of field (ww,bb) >2,0
Enter end word number a end bit position of field (ww,bb) >2,23
Track 6 >Z Distance
Inter start word number &'start bit position of field (ww,bb) >3,0
Inter and word number a end bit position of field (vw, bb) >3,23
Track 7 >X Velocity
Inter start word number &;tart bit position of field (wv, bb) >4,0
Enter end word number &aend bit position of field (w, bb) >4,12
Track S >Dest
Enter start word number a start bit position of field (w,bb) >4,14
Inter end word number a end bit position of field (w,bb) >4,18
Track 9 >Source
Inter start word number a start bit position of field (vw,bb) >4,19
Enter end word number a end bit position of field (w,bb) >4,23
Track 10 >rVelocity
Inter start word number &;start bit position of field (w,bb) >5,0
Enter end word number a en' bit position of field (wv, bb) >5, 12
Track 11 >Track Number
Enter start word number a start bit position of field (ww,bb) >5,13
Enter end word number a end bit position of field (ww,bb) >5,23

Figure 9. Prompts and user input for dummy track messages for AN/UYK-43
AdaL target.
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Track 12 >Z Velocity
Inter start word numiber & Ztart bit posit ion of field (w,bb) >6,0
Inter and word number & end bit position of field (Wv, bb) >6,12
Track 13 >Stzeangth
Antor start word nmber a start bit posit ion of field (wv, bb) >9,13
Inter end word number & end bit position of field (vv, kb) >6,18
Track 14 >Conflzmation
Inter start word number & start bit position of field (wV, bb) >6, 19
Inter and word numaber a end bit position of field (vw, bb) >6,23
Track 15 )QiTZ
Inter start word number a start bit position of field (ww,bb) >7,0
Inter end word numnber & and bit position of field (wv, kb) >7,23
Traclk 16 >GN72
Inter start word number a start bit position of field (ww, kb) >9,0
Inter end word numiber & end bit position of field (wv, kb) >8,5
Track 17 >Csl Const
Inter start word numhber S start, bit position of field (vw, bb) >9, 0
Inter and word numnber &aend bit position of field (vw, bb) >9, 7
Track 17 >;

Inter possible value taken by Meg
Inter ';1 if there are no more possible values
>Global Data.Atr
Inter field information needed for this value of discriminate
Inter 1;1 to end definition of fields for this value
Inter IRMl NM [PACKAGNVANXM T NPM] [DEF.WLT VALUE)
Track 1 >Altitude
Inter start word number & start bit position of field (wV, bb) >9,8
Inter end word rnumber a end bit position of field (ww, bb) >9.18
Track 2 >17 A Global Data.Y7 Type
Inter start word number & start bit position -of field (vW, kb) >9,19
Inter mid word numnber & end bit position of field (v, kb) >9,23
Track 3 >7estWord A Global Data Teat Word Type 8077777777#
Inter start word number S start bat position of field (vv, bb) >10f,0
Inter end word numnber a end bit position of field (WV, kb) >10,15
Track 4 >;
Inter possible value taken by Wag
Inter 1;' 1If there are no more possible values
Global Data. Surfaoe
Inter field information needed for this value of discriminate
Inter ';1 to end definition of fields for this value
Inter YIELD RUMI (PACKAGE RADII.TYPX RADI (DEFAULT VALUE]
Track 1 >Class A
Inter start word number & starE bit position of field (wV, bb) >9,8
Inter end word numnber a end bit position of field (wv,bb) >9,13
Track 2 >Type S
Inter start word number & start bit position of field (wV, bb) >9,14
Inter end word number A end bit position of field (wV, kb) >9,18
Track 3 >Country Code
Inter start word umber S start bit position of field (w,bb) >10,0
Inter end word number & end bit position of field (iv, bb) >10,11
Track 4 >J7 8 Global Data .71 Type

Figure 9. (Continued) Prompts and user input for dummy track messages for
AN/UYK-43 Ada-L target.
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Enter &text word number a start bit position of field (ww,bb) >10,13
Inter end word number a end bit position of field (vw,kb) >10,17
Track 5 >FOR ID a
Inter start word number & sCtrtbit position of field (ww,bb) >10,18
Track 3 >Country Code
Inter end word number a eid bit position of field (wV, bb) >10,23
Track 6 >Tostvozd S Global Data. TestftritType 81777777770
Inter start word number a start bit position of field (wV, bb) >11,0
Inter end word number & end bit position of field (w,bb) >11,23
Track 7 >;
Inter possible value taken by Nag
Enter I; I if there are no more possible values
>Global Data. Sub Surface
Inter field inforBmation needed for this value of discrimincto
inter ';' to end definition of fields for this value
Inter F11KW NAME (PACA= W=.TYPE MANZ] [DIFWVLT VALUEJ
Track 1 >Depth
Enter start word number a start bit position of field (ww,bb) >9,9
Inter end word number a end bit position of field (ww,bb) >9,17
Track 2 >Class 5
Inter start word number & start bit position of field (WV, bb) >10, 0
Enter end word number a end bit position of field (wV, bb) >10,4
Track 3 >2yp.s 85
Inter start word number G start bit position of field (ww,bb) >10,5
Enter end word number 9aend bit position of field (wV, bb) >10, 9
Track 4 >J7 SS Global DAta .J7 Typo
Inter start word number a start bit posit ion of field (wV, bb) >10,10
Inter end word number a end bit position of field (ww,bb) >10,14
Track 5 >PON ID 55
Enter start word number & wtartbit position of field (w,bb) >10,19
Enter end word number a end bit position of field (ww,bb) >10,23
Track 6 >Toot Word SS Global Data.Testword 2Ype 81777777770
Enter start word number a stat bit position of field (wV, bb) >11,0
Enter end word number &aend bit position of field (ww,bb) >11,15
Track 7 >;
Inter possible value taken by Mpg
Inter 1;1 if there are no more possible values

The package specification TakMessage includes the
Track messages below.
Track
The file you created is :track file.
Bit-Oriented Message Definer (DID) has completed.

Figure 9. (Continued) Prompts and user input for dummy track messages for
AN/UYK-43 Ada-L target.
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package Global Data is
type Message_Type is (Air, Surface, SubSurface);
for Message_Type use (Air => 1, Surface => 2,

Sub Surface => 3);
for Message_Type' Size use-8;
type FFType is (Friend, Foe);
for FF_Type use (Friend => 1, Foe => 2);
for FFType'Size use 5;
type TestwordType is range 0..16;
for TestwordType'Size use 16;

end GlobalData;

Figure 10. Package global data for dummy track messages.

Figure 10 shows package GlobalData, which Figure 11 depicts the discriminated record
contains type definitions for global message data message definition for the Dummy Air, Dummy
used by the package created above. Package Surface, and Dummy Subsurface Messages. This
GlobalData was created by hand. figure contains the source code generated for the

BMD prompts and user inputs shown in figure 9.
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with Global-Data;
packae Track Message is

-- User yam: sally
F- ile nem is: track file.

-- Target enviromnt: ADA L.
* -- Number of bit& in type integer for target environment: 32

-- Number of bit& in massage word: 24
-- Date package specification created: B/ 291 90
-- Time package specification created: 16: 30: 55
-- The following statements are f or Track massages:

type IntegerOl is range 0.-2;
for Integer~l size use 1;
type Zntegoro2 is range 0. .2**2-1;
for IntegerO2'size use 2;
type Zntegero3 is range 0. .2**3-1;
for Integero3'size use 3;
type IntegerO4 is range 0. .2**4-1;
for Intager04'size use 4;
type IntegsrO5 is range 0. .2**5-1;
for IntegerOS size use 5;
type Xnteger06 Is range 0. .2**6-1;
for IntegarO6'size use 6;
type Integer07 in range 0.. 2**7-1;
for Integero7'size use 7;
type IntegerOB is range 0. .2**S-1;
for IntegerOS'sizo use 8;
type Integero9 is range 0. .2**9-1;
for Zntegero9'size use 9;
type IntegerIO in range 0. .2**10-1;
for IntegrlOsai:. use 10;
type Integerl is range 0. .2**l111;
for Integerllsize use 11;
type Integerl2 is range 0. .2**12-1;
for Integerl2'size use 12;
type IntegerI3 is range 0. .2**13-1;
for Integrl3'size use 13;
type IntegerI4 is range 0. .2**24-1;
for Integerl4'size use 14;
type IntegerlS is range 0. .2**15-1;
for Integerls'size use 15;
type Integerl6 is range 0. .2**16-1;
for Integerl6'size use 16;
type IntogW 17 is range 0. .2**17-1;
for Integerl7'size use 17;
type Integerli is range 0. .2**19-1;
for Intagerle'size use 19;
type Zntegerl9 is range 0. .2**19-1;
for Intagerl9'sizo use 19;
type Xntsger20 is range 0. .2**20-1;
for Integer2'size use 20;
type Integer2l is range 0. .2**21-1;
for Zteger21'size use 21;
type Integer22 is range 0. .2**22-1;
for Intager22'size use 22;

Figure 11. Dummy track message definitions for AN/UYK-43 AdaL target.
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type Xnteger23 Is range 0. .2**23-1;
for Integer23'size use 23;
type Xnteger24 Is range 0. .2**24-1;
for Xnteger24'size use 24;
type Integer25 is range 0. .2**23-1;
for Integer25'aize use 25;
type Integer26 is range 0. .2**26-1;
for Integer26'size use 26;
type Integer27 Is range 0. .2**27-1;
for Integez27'size use 27;
type Integer28 Is range 0. .2**28-1;
for Integmr28'size use 29;
type Integer29 is range 0..2**29-1;
for Integer29'size use 29;
type Integer3O Is range 0. .2**30-1;
for Integer30' size use 30;
type Integer3l is range 0. .2**31-1;
for Integer3l'size use 31;
type Integer32 Is range -2**31. .2**31-1;
for Integer32' size use 32;

type Track Message Record Type (Ksg :GlobalData.Messaqae Type) is
record

1tmber of Words :Integer12;
X Distance integer24;
iYDistance :integer24;
Z Distance :integer24;
X Velocity :Intogerl3;
Dest :integerO5;
Source :integero5;
Y Velocity :integerl3;
Track Number Integeril;
5, Velocity Integerl3;
Strength intogeros6;
Confirmation integerO5;
QIT1 intoer24;
GUT2 integerog;
Cal Const integerOS;
case Meg is

when GlobalData.Air -5.
Altitude Integeril;
IT A Global Data .7 Type;
Tes-tWord A Global7Data.TeatWord .Type :

0#77777777#;
when Global Data. Surface =>

Class- S Integero6;
Type- 8 IntegerOS;
Country :de ntegerxl2;
77 a8 Global Data.yvI Type;
Posx ID 8 Global Data.77T Type;
Testvord-S :Global Data.TestWord .Type :

977777777#;
when Global Data. Sub Surface=->

Depth : ntegerO9;
Class-a : Integer05;

Figure 11. (Continued) Dummy track message definitions for AN/UYK-43
AdaL target.
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Type-p :8 IntegerOS;
IT as8 Global Data TV _Type;
Pon- ID 8: Global Data.FF_Type;
Tea~ 19id 88 Global Data.Testvord._Type:

- - 8#77777777#;
end case;

end record;
for Track Mssage_ Rscord Type use record at mod 1;

numaber of Worda at 0 range 0 11;
Keg 0 range 16 23;
X Distance at 0 range 24 47;
YDistance at 0 range 48 71;
Z76istancz at 0 range 72 .. 95;
x Velocity at O range 96 .. 108;
Dest at 0 range 110 .. 114;
Source at 0 range 115 .. 119;
YVelocity at 0 range 120 .. 132;
TfrackWimiber at 0 range 133 .. 143;
Z Velocity at 0 range 144 .. 156;
S4trength at O range 157. 162;
Confirmation at 0 range 163 .. 167;
(2iT1 at 0 range 168 .. 191;
(GiT2 at 0 range 192 .. 197;
Cal Const at 0 range 216 .. 223;
Altitude at 0 range 224 .. 234;
77 A at O range 235 .239;
Test~ordA at 0 range 240 .. 255;
Class8 at 0Orange 224. 229;
Types at 0 range 230 .. 234;
CountryC-ode at 0 range 240 .. 251;
F7 8 at 0 range 253 .. 257;
Pon ID 8 at O range 258. 263;
Tstvord a at 0 range 264 .. 287;
Depth at 0 range 225 .. 233;
Class 88 at 0 range 240 .. 244;
Type_'SB at 0 range 245 .. 249;
17_88 at 0 range 250 .. 254;
lo;s ID 85 at O range 259. 263;
TstWoird_88 at 0 range 264 .. 279;

end re~cord;-

end Track Message;

Figure 11. (Continued) Dummy track message definitions for AN/IJYK-43
AdaL target.
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APPENDIX A: printer was helpful in making the style of the Ada

LESSONS LEARNED code written by the two authors consistent and in
improving the code readability.

Lessons were learned in a number of areas 3. Portability
during the development, testing, and use of the
BMD. One goal of the project from the beginning

was that the BMD would be 100 percent trans-
portable across the Vax Ada and 'un Telesoft

1. Reuse environments, that is, the same software would
run in each environment without changing one

Existing software contributed to the develop- linea encoe t was chid Cae

ment of the BMD in two ways. First, the Network line of source code. This goal was achieved. Care
Envi- was taken to not use any software that would limitArchitecture Simulated Test and Evaluation thEMntvi-VSo unUi. h M

ronmnt NASEE) oftaredeveope by the BMD to Vax/VMS or Sun/Unix. The BMD
rome (Ne s54,profted eexle by has also been successfully compiled and executed
NOSC, Code 854, provided useful examples of

how automatic code generation is done in Ada. in a Sun Alsys environment.

Second, source code was reused from other Two potential obstacles to portability were thedifferenceoinrflecnameswforrVMsversusoUnixhan
projects. Code reused included a linked list pack- difference in file names for VMS versus Unix and

age from the Event-Activation Record Approach the difference in the sizt of the type integer for

to Simulation Modeling in Ada libraries developed the two compilers. Type integer is 32 bits for Vax

by NOSC, Code 854, and several subprograms for Ada and 16 bits for Sun Telesoft. The difference

manipulating character strings from the INS devel- in file names was handled by examining the con-

oped by the SEI. tents of System.System-Name to determine the
compiler/operating system BMD was running on.

The reuse of existing code resulted in faster
BMD development with better written compo- The difference in the size of type integer for
nents. the compilers was handled by declaring the integer

type below. The predefined integer type was not
The source lines of code for the BMD and used.

source lines of code reused is summarized below.
type IntergerType is range 0..2147483647;

Delimiting Comments Delimiting Card-image
Semicolon Semicolon Stints Lines The upper bound on the range is 2"31-1.
Statements & Comments

The lower bound is zero because the BMD does
not use any negative integers. The Sun Telesoft

BMD 1243 344 1587 3380
reused 216 151 367 657 and Sun Alsys compilers automatically make Inte-

gerType of type long_integer.

Declaring your own type for integer rather
2. Tools than using the predefined integer type is one port-

ability guideline in Nissen, 1988. This guideline
The most helpful tools for this project (other and others in Nissen, 1988 were followed. If this

than the compilers) were the Vax Ada Debugger guideline had not been followed then the BMD
and the NASA/Goddard Space Flight Center would not have ported from the Vax Ada to the
Standard Pretty Printer. The pretty printer was Sun Telesoft environment.
extracted from the Ada Software Repository
(ASR) at White Sands Missile Range, New Mex- Portability was also ensured by the sequence
ico. A debugger was not used for development on of demonstrations, that is, there was one on a
the Sun but was used for the Vax; the Vax Vax, followed by a Sun demonstration, and then
debugging was significantly faster. The pretty one on a Vax again.
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4. Testing Langua.. Reference Manual (LRM), (United
States Department of Defense, 1983), are omitted

Testing was done by first compiling message from validation testing. These features must be
definition code generated by the BMD. Then a tested during validation to keep erroneous compil-
test program was run that printed out the values of ers from going to the field.
the message fields using the message definition
generated by the BMD. This testing was done for 5. Timing Comparisons - Manual versus
each of the target environments. The source code BMD
generated for each of the five targets compiled
with no errors. A preliminary version of the BMD was used

by SAIC to define bit-oriented messages for the
Executing the test program in each target ABOM project. SAIC manually wrote the source

environment has been less successful. The test code to define link-l, link-4a, and link-16 mes-
program executed successfully in the Vax Ada sages. The CDS message definitions were gener-
and Sun Alsys environments. It did not execute ated using the BMD. SAIC reported that message
properly with the Sun Telesoft and ALS/N com- definitions were created twice as fast when using
pilers. The problem with these compilers appears the automated tool. SAIC used the tool to gener-
to be the record representation clauses do not ate approximately 7000 lines of source code
work properly. defining the CDS messages.

The test program was run using the Telesoft One of the authors, (HM), manually wrote
Version 1.1 compiler for a Sun 3861 computer. the message definitions for four INS messages
When using the Telesoft compiler the alignment targeted for the AN/UYK-43 and then generated
of fields within a message were displaced 1 byte. them using the BMD. The task required 2 hours
A trouble report was submitted to Telesoft's cus- and 14 minutes to do manually and 25 minutes to
tomer service group. A Telesoft representative do with the BMD. After writing the code by hand,
ran the test program on both the Sun 3861 three compilations were required to fix errors.
Telesoft and Sun 4 Telesoft compilers. She said The BMD-generated code compiled error-free the
the alignment problem is a compiler bug that first time.
exists with both compilers and that Telesoft is fix-
ing it. 6. Lack of a Formal Design Methodol-

For the ALS/N compiler, the test program ogy
was executed on the AdaVax compiler. A con- No formal design methodology was used in
straint error was raised when the test program developing the BMD. At the beginning it did not
attempted to print out a 16-bit test word. An seem necessary. It appeared that the tool would
error report has been submitted to the ALS/N remain small and uncomplicated. However, it
program office. Testing involving the execution of grew in size and complexity. Ultimately, the use of
AdaL a formal design methodology would have made it
and AdaM generated object code on the easier for the authors to change and enhance the
AN/UYK-43 and AN/UYK-44 computers is cur- code.
rently being done.

BMD is 7. Lack of a Configuration Management
A lesson learned during testing of the Tooli

validation testing for Ada compilers needs to be

more comprehensive. The compilers for the five No configuration management tool was used
target environments all passed validation. How- during the development of the BMD. At the
ever, three have problems related to record repre- beginning it did not seem necessary since only two
sentation specifications. Currently, record people would be writing the tool. In hindsight, a
representation specifications and other compiler configuration management tool would have been
dependent features covered in Chapter 13 of the useful.
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